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King Sau
osting by EAbstract Keratoconus is a disease causing increased steepening of the cornea resulted in irregu-
lar astigmatism. Treatment options are Glasses, Hard contact lenses, Cross linking, Intracorneal
Segments insertion, Refractive surgery (Gilda et al., 2008), or Keratoplasty. Lamellar Keratopl-
asty (LKP) can be a better choice to manage cases of moderate and some cases of severe Kera-
toconus without deep scarring and severe thinning, also in cases of corneal scarring not involving
the deeper layers of the cornea. LKP is a corneal graft technique consisting of transplantation of
partial-thickness donor tissue, devoid of endothelium, Descemet membrane (DM), and rear
stroma into a recipient healthy stromal bed after dissection of pathologic anterior stroma. How-
ever, deep lamellar Keratoplasty (DLKP) is a surgical method that completely removes patho-
logic corneal stroma tissue down to the DM, followed by transplantation of donor cornea
without endothelium over the host bed. DLKP has a number of advantages over penetrating Ker-
atoplasty (PKP). Because it does not violate the intraocular structures of the eye, it diminishes or
eliminates the chance of postoperative glaucoma, cataract formation, retinal detachment, cystoids
macular edema, expulsive choroidal hemorrhage and epithelial ingrowths. Furthermore, this pro-
cedure avoids the replacement of host endothelium with donor endothelium and thus precludes
endothelial graft rejection, with comparable visual outcomes and low rate of chronic endothelial
cell loss compared to PKP.
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Lamellar Keratoplasty (LKP) is a corneal graft technique con-
sisting of transplantation of partial-thickness donor tissue, de-
void of endothelium, Descemet membrane (DM), and rear
stroma into a recipient healthy stromal bed after dissection
of pathologic anterior stroma (Sturbaum et al., 1999). How-
ever, deep lamellar Keratoplasty (DLKP) is a surgical method
that completely removes pathologic corneal stroma tissue
down to the DM, followed by transplantation of donor cornea
without endothelium over the host bed (Anwar and Teich-
mann, 2002a).
DLKP has a number of advantages over penetrating Kera-
toplasty (PKP). Because DLKP dose not violate the intraocu-
lar structures of the eye, it diminishes or eliminates the chance
of postoperative glaucoma, cataract formation, retinal detach-
ment, cystoids macular edema, expulsive choroidal hemor-
rhage and epithelial ingrowths. Furthermore, this procedure
avoids the replacement of host endothelium with donor endo-
thelium and thus precludes endothelial graft rejection, with a
comparable visual outcomes (Sugita and Kondo, 1997; Shima-
zaki et al., 2002; Watson et al., 2004).
A further advantage of DLKP is the low rate of chronic
endothelial cell loss compared to PKP. This endothelial cell
loss is 11% within the ﬁrst six postoperative months and
then approaches a more physiologic rate of cell loss in the
order of 1% to 2% after 6 months (Van Dooren et al.,
2004). This is in contrast to PKP where endothelial cell loss
is 4.2% a year even 5–10 years after surgery (Ing et al.,
1998; Bourne, 2001).
Many surgeons still do not choose DLKP because of its
technical difﬁculty and long surgery time. Recently, revolu-
tionary techniques have allowed for a dramatic decrease in sur-
gery time as well as an improved success rate of achieving
DLKP procedure down to the DM. This review will outline
the historical development of DLKP, deal with the various sur-gical techniques that have been introduced, and also report
(deleted varies) indications for DLKP.
2. History of deep lamellar Keratoplasty
Lamellar Keratoplasty was developed more than 150 years ago
(Mu¨hlbauer, 1840), the ﬁrst attempt to dissect near DM was by
Hallermann (1959). He was also the ﬁrst to use full-thickness
corneal transplants including the endothelium. Deep dissection
under direct visual control in a potential natural cleavage
plane between stroma and DM was ﬁrst described by Anwar
(1974). He noted that this provided excellent smoothness of
the bed for the graft button. His was the ﬁrst description of
baring of DM in corneal dissection. Anwar also used full-
thickness donor corneal stroma, but, in contrast to Haller-
mann, he removed both endothelium and DM from the donor
button to avoid causing an inﬂammatory reaction and possibly
scarring and wrinkling at graft host junction. Other disadvan-
tage of leaving DM on the graft button is delaying wound
healing at graft host junction as observed in a histological
study by Morrison and Swan (1982). This provides a rationale
for stripping donor DM in many of the current DLKP.
The term of ‘‘deep lamellar Keratoplasty’’ was ﬁrst intro-
duced by Archila in the 1984 (Archila and Deep, 1985). This
author was also the ﬁrst to use intrastromal air injection as a
method to facilitate removal of host tissue down to DM. A
similar technique was used by Price (1989). A few years later,
Sugita and Kondo published the ﬁrst extensive study on the re-
sults of DLKP compared with PKP (Sugita and Kondo, 1997).
They were the ﬁrst to use hydrodelamination to facilitate
removal of host tissue down to DM.
Closed dissection with a blade through a limbal incision
was described by Melles et al. (1999), who were the ﬁrst to in-
ject air into the anterior chamber that creates a mirror reﬂex to
guide the spatula directly into the space between DM and the
posterior stroma (Melles et al., 1999). One year later, the same
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DM from posterior stroma through a 30-gauge needle ad-
vanced just anterior to DM (Melles et al., 2000).
The most recent and popular technique in this ﬁeld is the
method of the ‘‘big bubble’’ described by Anwar and
Teichmann (2002b), wherein after partial-thickness trephina-
tion, air is injected into the corneal stroma to create a large bub-
ble between the DM and corneal stroma (Anwar and
Teichmann, 2002b).3. Surgical techniques for deep lamellar Keratoplasty
A number of different methods are being used for DLKP. The
surgeon’s choice may vary depending on corneal pathology
and personal experience.
3.1. Direct open dissection
This method was described nearly 30 years ago by Anwar
(1974). A guarded trephine is set for 60–80% of corneal thick-
ness, and a paracentesis should be made to allow access to the
anterior chamber for the injection of ﬂuid or air and for
removal of aqueous if desired. Dissection is facilitated by
stretching and lifting the superﬁcial stromal layers and sweep-
ing the blade in a ﬂat plane over the stroma. The dissection can
be carried out in several layers, but it becomes progressively
more difﬁcult and hazardous as DM is approached as the deep
stromal ﬁbers are difﬁcult to visualize. In this technique,
neither air nor ﬂuid is injected to facilitate removal of host
tissue down to DM.
3.2. Dissection with intrastromal air injection
This method was described by Archila and Deep (1985). Later,
it was used by Price (1989). At the beginning of the operation,
a 26-gauge needle connected to a tuberculin syringe ﬁlled with
air is inserted obliquely into the stroma in the corneal midpe-
riphery. As a result of air injection, the corneal tissue becomes
opaque. The cornea is then trephined to a depth that leaves a
large margin of safety. Deeper dissection is carried out pro-
gressively, until DM is reached. A full-thickness donor button
was sutured into the recipient bed, after removal the
endothelium.
3.3. Dissection with hydrodelamination
In hydrodelamination as described by Sugita and Kondo,
trephination of three quarters of corneal thickness is per-
formed ﬁrst, followed by a lamellar keratectomy of appropri-
ate depth. Stromal collagen ﬁbers are cut across and down
to produce a depression, and a saline solution is injected with
a 27-gauge needle at the bottom of this depression. The ﬂuid
penetrates between the collagen ﬁbers, which whiten and swell.
A ﬁne spatula inserts rectilinearly into the hydrodelaminated
stroma and comes back and is moved again and again fan-like
in different directions. The ﬁne forceps and corneal scissors are
used to remove the remaining stromal ﬁbers over DM. A full-
thickness cryolathed corneal tissue was sutured into the recipi-
ent bed, after stripping its DM (Sugita and Kondo, 1997).
Recently, Senoo et al. (2005) reported a sclerolimbal ap-
proach to detach DM from the stroma by hydrodelaminationprior to trephination. The DM is approached from the scleral
ﬂap, similar to ﬂaps used during trabeculectomy. A spatula is
inserted from the ﬂap, and a pocket for hydrodelamination
made in the space between DM and stroma. DM then is sep-
arated completely from deep stroma by hydrodelamination.
Before trephination, the space between the DM and stroma
is ﬁlled with viscoelastic material.
3.4. Closed dissection
As mentioned previously, this technique was described by
Melles et al. (1999). In the beginning of the surgery, the aque-
ous is exchanged by air, to visualize the posterior corneal sur-
face that is, the ‘‘air to endothelium’’ interface. With a custom
made dissection blade, a 5.0 mm scleral incision was made and
deep stromal pocket was created across the cornea, using the
air to endothelium interface as a reference plane for dissection
depth. The pocket was ﬁlled with viscoelastic, and an anterior
corneal lamella was excised. A full-thickness donor button was
sutured into the recipient bed after stripping its DM.
To reduce the risk of intraoperative complications such as
DM rupture and the formation of a double anterior chamber
that might occur with blade dissection. Marchini et al. (2006)
suggested to use a blunt spatula as an alternative to the blade
during the closed dissection and to leave intentionally a mini-
mal thickness of deep stoma layers on the host bed.
3.5. Dissection with viscoelastics
Two techniques have been described: Melles et al. (2000) re-
ported injecting viscoelastic substance for dissection of DM
from posterior stroma through a 30-gauge needle advanced
just anterior to DM after exchanging the aqueous with air,
to visualize the posterior corneal surface that is, the ‘‘air to
endothelium’’ interface. The anterior corneal lamella is treph-
inated and excised. A full-thickness donor button was sutured
into the recipient bed, after stripping its DM.
In the second technique, after comparatively deep trephina-
tion, a pocket is prepared in the deep stromal ﬁbers. Viscoelas-
tic material is injected through a 25-gauge blunt cannula
inserted into this pocket. Under the force of injection, the
viscoelastic material may enter the plane between DM and
the deepest corneal stroma and open up this potential space
(Manche et al., 1999).
3.6. Dissection with ‘‘big bubble’’ technique
In contrast to Archila, Anwar and Teichmann perform treph-
ination up to 60–80% of stromal thickness before air injection
(Anwar and Teichmann, 2002b) A 30-gauge needle bent 60
(bevel faces down) at 5 mm from the tip is attached to an
air-ﬁlled syringe. Under direct visual control, the needle is
carefully advanced into corneal stroma in the paracentral area.
As a result of air injection, a whitish circular semiopaque disk
is achieved. This indicates the formation of a big bubble, which
detaches the central DM from deep stromal layers. After the
anterior stroma is removed by partial keratectomy, a small
incision is made in the anterior wall of the big air bubble. A
ﬁne blunt spatula is inserted into the bubble and the stroma
over the spatula is incised and removed. A full-thickness donor
button was sutured into the recipient bed after stripping its
DM.
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The advent of advanced microkeratome instrumentation in
laser in situ keratomileusis (LASIK) surgery has allowed
for innovative procedures and microkeratome modiﬁcations
to perform semi automated microkeratome-assisted LK with
greater precision and consistency than manual lamellar dis-
section (Azar et al., 2000; Jimenez-Alfaro et al., 2001). Semi
automated lamellar dissection results in optimally smooth
lamellar dissection (Teichmann, 1999; Patel et al., 2005;
Wong et al., 1997) and hence the potential for better visual
outcomes. This procedure is a surgical option for the condi-
tions affecting the clarity of the outer 250 mum of the cornea
such as Schynder crystalline dystrophy and early cases of
granular or lattice dystrophy, but may also be used in mod-
erate forms of Keratoconus and in cases of post-PRK corneal
scarring.
Deeper stromal opaciﬁcation can be addressed with the
excimer laser applied to the recipient bed as long as adequate
residual corneal tissue is retained for structural integrity. This
procedure has limitation in the cases with topographical cor-
neal irregularity or differential corneal thinning, because any
irregular corneal surface is replicated in the microkeratome
cut. In addition, microkeratomes may not be successful in per-
forming lamellar dissection in steep corneas (as in advanced
forms of Keratoconus).
For anterior Keratoplasty surgery, the Automated Lamel-
lar Therapeutic Keratoplasty (ALTK) procedure involves ﬁrst
using the microkeratome to perform semi automated anterior
lamellar corneal dissection of the recipient cornea. With the
aid of an artiﬁcial chamber maintainer, the same microkera-
tome is used to cut the donor lamellar graft to match the host
stromal bed, which is sutured in place. The procedure allows
for smoother LK dissection, resulting in better potential visual
outcome approximating that achievable with PK (Tan and
Mehta, 2007).
4. Femtosecond laser-assisted lamellar transplantation
Femtosecond laser is a new alternative to surgical microkerat-
omes in LASIK surgery (Durie and Kezirian, 2005a). Femto-
second laser is an infrared type of laser that is capable
theoretically to ablate tissue with less interference from optical
haze. This makes it ideal for deep cuts in cloudy, edematous
corneas therefore; it is a good and new option in corneal lamel-
lar transplantation surgery (Sarayba, 2003).
There are two currently available Femtosecond platforms:
the Intralase (Intralase, Irvine, CA) and the Femtec (20/10
Perfect Vision, Heidelberg, Germany). The difference in the
two systems is the applanation of the cornea during laser
application. The Femtec uses a patented concave interface
that not only requires less suction than the ﬂat Intralase
interface but also minimally distorts the cornea (Tan and
Mehta, 2007).
Current clinical applications include LASIK ﬂap forma-
tion, anterior lamellar Keratoplasty, and cutting of intracor-
neal ring segment channels (Lubatschowski et al., 2000). The
Femtosecond laser has been shown to be capable of perform-
ing posterior lamellar surgery with preparation of the donor
corneal lamella (femto-PLAK or FS-PLK) (Seitz et al., 2003;
Sarayba et al., 2005). Accuracy, safety, and efﬁcacy of thisnew technology have already been described for several cor-
neal procedures (Lubatschowski et al., 2000; Seitz et al.,
2003; Binder, 2004; Nordan et al., 2003; Cheng et al., 2007;
Kezirian and Stonecipher, 2004; Durie and Kezirian, 2005b;
Soong et al., 2005). Theoretically, the Femtosecond laser in-
creases the precision of anterior LK because of the highly
reproducible dimensions of the cuts at the graft–host junction
and the vertical (in comparison with horizontal using the
mechanical microkeratome) side cut orientation. The surgeon
can better customize the shape and corneal dimensions of the
donor and recipient, improving the resulting ﬁt and leading
to less induced irregular astigmatism and interface haze.
These features may result in faster and better wound healing,
without the need for sutures. This procedure is a surgical op-
tion for conditions affecting the cornea clarity from 150 to
450 lm. Anterior segment ocular coherence tomography
(OCT) can be used preoperatively to assess the depth of the
scar or opacity to fashion the donor lenticule thickness
according to the depth of the lesions (Yoo et al., 2008). Both
donor and recipient corneal lenticules are created using arti-
ﬁcial Anterior Chamber. This procedure can be done as
sutureless technique if the lenticule and the stromal beds
are fashioned in a proper depth and orientation (i.e. top
hat). Sarayba et al., found that Intralase Femtosecond laser
keratome provides accuracy in depth and diameter of the cor-
neal discs even at increased depth settings with smooth bed
with the raster pattern. However, the stromal bed can further
be smoothed by excimer phototherapeutic keratectomy treat-
ment (Sarayba et al., 2007).
5. Descemet’s membrane perforation
Deep lamellar Keratoplasty can be complicated by DM perfo-
ration. This occurs approximately 9–39% of cases (Sugita and
Kondo, 1997; Anwar and Teichmann, 2002b), depending on
the type of corneal pathology, surgical technique being used
for DLKP and level of experience. Keratoconus patients are
more prone to DM rupture than patients with other disease,
probable due to an intrinsic property of the disease (Coombes
et al., 2001; Shimmura et al., 2005). The rate of DM perfora-
tion is 9% with big bubble technique (Anwar and Teichmann,
2002b), whereas the rate of 20% and 39.2% were reported with
viscodissection (Melles et al., 2000) and hydrodelamination
(Sugita and Kondo, 1997), respectively.
Injection of air, or a theoretical non-expandable mixture of
air and C3F8, into the anterior chamber to allow completion
of the dissection and to prevent a second chamber postopera-
tively, can be used to manage most small perforations (Anwar
and Teichmann, 2002a). Tissue glue has been used after perfo-
ration during DLKP (Anwar and Teichmann, 2002a; Al-Tor-
bak et al., 2006). If these measures fail or if the perforation
is large, conversion to PKP may be required.
6. Donor tissue
While preserved corneal grafts can be used in DLKP, most re-
ports in the literature use fresh donor corneas. Since the endo-
thelium can present potential antigens for immunological
rejection and the DM may cause interface scarring and wrin-
kling at graft host junction, most corneal surgeons stripe the
DM (Anwar and Teichmann, 2002a; Shimmura and Tsubota,
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size or larger than that of the recipient bed.
Similar to PKP, the graft can be sutured to the recipient
with interrupted, continuous or combined interrupted-continu-
ous 10-0 nylon sutures. If interrupted sutures are used,
selective suture removal for the reduction of astigmatism can
started as early as 3 weeks after surgery. Otherwise, sutures
can be left in place for as long as 1 year as long as they are
not excessively tight, loose, exposed or attracting blood vessels
(Al-Torbak et al., 2006). For microkeratome assisted anterior
lamellar Keratoplasty surgery, the ALTK procedure involves
ﬁrst using the microkeratome to perform semi automated ante-
rior lamellar corneal dissection of the recipient cornea. With
the aid of an artiﬁcial chamber maintainer, the same microker-
atome is used to cut the donor lamellar graft to match the host
stromal bed, which is sutured in place. Furthermore, in Fem-
tosecond laser-assisted lamellar Keratoplasty both donor and
recipient corneal lenticules are created using artiﬁcial Anterior
Chamber. The corneal lenticules can be customized to a spe-
ciﬁc shape, dimension and orientation to improve the resulting
ﬁt and ending with sutureless surgery (Sugita and Kondo,
1997).7. Indications for deep lamellar Keratoplast
DLKP can be performed in almost all cases of corneal opacity
that have a healthy endothelial cell count. It has been reported
for Keratoconus (Coombes et al., 2001; Shimmura et al., 2005;
Al-Torbak et al., 2006) corneal stromal dystrophies (Shimm-
ura and Tsubota, 2006; Kawashima et al., 2006), corneal leu-
coma (Sugita and Kondo, 1997; Senoo et al., 2005), corneal
dermoid (Arora et al., 2005), infectious corneal opacity (Sugita
and Kondo, 1997; Senoo et al., 2005) and sever ocular surface
disease (Yao et al., 2002; Fogla and Padmanabhan, 2005).
Corneal perforations after infection or immunologic disease
can be treated by therapeutic DLKP with satisfactory result
(Shimmura et al., 2003; Tong et al., 2004).
DLKP can be done also in cases of sever corneal astigma-
tism in patients with Pellucid marginal corneal degeneration
(PMCD) (Al-Torbak and Teichmann, 2005).8. Stromal graft rejection after DLKP
As a result of the preservation of host endothelial cells, endo-
thelial graft rejection following DALKP has not been reported
in previous studies (Sugita and Kondo, 1997; Shimazaki et al.,
2002; Watson et al., 2004). This is in contrast to PKP where
endothelial graft rejection occurs in 20–30% of grafted pa-
tients (Ing et al., 1998; Bourne, 2001). On the other hand, stro-
mal graft rejection after PKP is very rare and usually not
recognized since it is overshadowed by the simultaneous rejec-
tion of endothelium (Casey and Mayer, 1984).
Presumed stromal graft rejection after LKP was ﬁrst re-
ported by Maumenee (1973). Later, Soong et al. (1999) and
Saini et al. (2003) reported irreversible loss of vision after
LKP due to presumed stromal graft rejection in 1 (1.9%) of
52 eyes, and 2 (1.4%) of 138 eyes, respectively.
Stromal graft rejection is a rare complication of DLKP that
has been reported in recent studies (Al-Torbak et al., 2005,
2005; Watson et al., 2006). It is characterized by edema andstromal haze occurring near blood vessels, which spread to in-
volve the entire donor stroma.
In a recent publication, four (3.1%) of 127 eyes of 118 Ker-
atoconus patients who underwent DLKP developed immune-
mediated stromal rejection with complete reversal of stromal
edema following initiation of intensive topical corticosteroid
therapy, with full recovery of visual function (Al-Torbak
et al., 2006). However, stromal graft rejection after DLKP
can result in graft failure and deep corneal Vascularization if
not recognized and treated appropriately as shown by Watson
et al. recently (Cottle et al., 1998).
Corneal tissue used by Al-Torbak et al. (2006) as well as
those used by Soong et al. (1999) and Saini et al. (2003) was
fresh and not frozen. The preservation of living keratocytes
in non-frozen tissue may be an essential prerequisite for this
reaction. Supporting this theory is the study by Cottle et al.
(1998) which did not show a single case of stromal allograft
rejection in a series of 280 eyes that underwent LKP using
cryolathed corneal tissue. The loss of vital keratocytes during
the cryolathe process may be responsible for the absence of
allograft rejection.
9. Summary
Deep lamellar Keratoplasty (DLKP) is a surgical method
that completely removes pathologic corneal stroma tissue
down to the Descemet’s membrane, followed by transplanta-
tion of donor cornea without endothelium over the host bed.
New techniques that use viscoelastic substance and air to
directly expose Descemet’s membrane have dramatically
reduced surgery time, while improving the safety of perform-
ing surgery.
With the advent of microkeratome and Femtosecond a
smooth stromal bed can be achieved. Also deeper stromal level
can be reached with excimer laser ablation.
The indications for DLKP have expanded for almost all
cases of corneal opacity that have a healthy endothelial cell
count, with a comparable visual outcome to penetrating
Keratoplasty. Endothelial graft rejection is absent after
DLKP. However, stromal graft rejection, although rare,
does occur.
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